Abstract The profitability in organic and conventional milk production systems when using three different dietary proportions (51 %, 62 % and 69 % of dry matter) of high-quality grass silage to dairy cows was calculated. Feed intake and milk production data were measured in a dairy cow experiment in which the same types of feeds were used over the entire lactation, but the proportion of forage was increased to three different degrees in the diet. The results of the economic analyses showed that full cost coverage was only reached within the organic production system and that a large herd size (160 cows) was required to achieve economically sustainable dairy production. However, large herd size required large pasture areas in organic production, which can be difficult to achieve in forest-dominated districts. The results of the calculated profitability showed that it was profitable to increase the average dietary proportion of high-quality silage from 51 % to 62 % of dry matter in conventional production with concentrate and grain prices at their current high levels. In organic production, there were only minor differences in calculated profitability between providing the obligatory 60 % and 69 % of dry matter as high-quality silage in the dairy cow diet.
Introduction
The profitability for dairy farmers in Sweden and a number of other European countries has fluctuated during the past decade and net milk income over feed costs (MIOFC) is currently low (EC 2011; Swedish Dairy Association 2012b) . Feed costs constitute a large part of the total expenses for dairy farmers and therefore it is important to find alternative feeds or diets that can be produced at lower cost. The average Swedish dairy cow is high yielding and therefore requires feeds with high nutrient density, enabling high nutrient intake. This requirement has led to reductions in the dietary proportion of forage to levels below 50 % of total dry matter (DM) intake on an annual basis in conventional production (Emanuelson et al. 2006) . However, there is a growing demand for organic dairy products and the proportion of organic milk delivered to Swedish dairies has increased from 5.2 % of total milk in 2006 to 11.6 % in 2011 (Swedish Dairy Association 2012a). The regulations for organic dairy farming within the European Union stipulate that at least 60 % of the daily DM intake should consist of forage with a permissible decrease to 50 % during the first 3 months of lactation (EC 2008) . A combination of grass silage and concentrates is the most common diet for high-yielding dairy cows in Scandinavia, regardless of production system. Improved silage making techniques have made it possible to preserve herbage harvested at an early stage of maturity in order to optimise the nutrient content of the grass, and thus achieve high-quality forage all year round. The price of grain is currently high, and has been fluctuating over the last few years, making it an erratic cost item for the farmer. The increasing demand for grain for use in, e.g., biofuels may increase the prices even more in the future (Swedish Board of Agriculture 2009). Therefore, highquality forage is likely to have great economic potential in future milk production systems. Scientific reports on economic performance using large proportions of highquality grass silage in the diet of dairy cows are scarce. Therefore, this study presents economic calculations based on a long-term experiment that provided data on measured milk production in relation to measured feed intake during the entire lactation. The main objective of the present study was to assess profitability when dairy cows were fed different proportions of grass silage in the diet (Patel 2012) . To make the economic assessments more applicable to on-farm situations, the calculations were performed for three different districts with different conditions for farming and two different herd sizes (80 and 160 cows). The calculations were also performed both with and without economic support and additional payments to show a wide range of alternatives.
Materials and methods

Animal experiment
In the experimental study, 92 cows of the Swedish Red Breed were randomly assigned to one of three diets that differed in forage proportion [see short description below and Patel (2012) for experimental details]. The cows were housed indoors in a free-stall building with an automatic milking system (DeLaval VMS™; DeLaval International AB, Tumba, Sweden) and had access to pasture during the summer season in accordance with the Swedish Animal Welfare Act (SFS 1988) . The grass/clover silage and concentrate were from conventional crops, but the composition was chosen so that it could be used in organic production, i.e. no ingredients were used that would have been prohibited according to the organic regulations (EC 2008) . The three treatments differed in the dietary proportion of forage on a DM basis: low (L), medium (M) and high (H). During the first 12 weeks of the lactation, the cows were fed grass silage ad libitum and the amount of concentrate was adjusted to meet the target proportion of forage of 40 % in diet L to simulate a conventional diet, and 50 % in diet M and H to simulate two different organic diets. From lactation week 13 until drying off, the forage proportion was gradually increased as lactation proceeded to eventually reach 50 %, 70 % and 90 % in diets L, M and H, respectively. The proportion of forage in diet M complied with European regulations on organic farming (EC 2008) and with the standards of the Swedish organic certification association (KRAV 2008) . The demands in the organic standards were also fulfilled with diet H, but the proportion of forage in the diet was even higher. During the pasture season, the cows on diet L had access to exercise pasture and they were fed their total diet indoors while the cows on diets M and H had access to production pasture and were only fed concentrate indoors.
The average daily intake over the 305 days of lactation was 10.2, 9.2 (+3.2) and 9.7 (+4.3) kg DM silage (+kg DM pasture) and 11.1, 8.6 and 6.8 kg concentrate per cow on diet L, M and H, respectively. The corresponding average forage proportions over the lactation were 51 %, 62 % and 69 %. Feed intake during the dry period (60 days which were not covered in the animal experiment) was calculated according to the Swedish feeding recommendations (Spörndly 2003) , slightly adjusted for each district to account for differences in climate and available feeds. In Sweden, pasture tends to be more readily available for longer periods in the south of the country. Winter diets of indoor housed dry cows in the south include straw as forage, whilst in the north only forage silage is used.
Milk production
The total milk yield over the lactation was 9,364, 9,211 and 8,510 kg and the milk contained 4.3 %, 4.4 % and 4.5 % fat on diet L, M and H, respectively. The milk protein concentration was 3.5 % on all diets. The corresponding energy corrected milk (ECM) yield over the lactation was 9,796, 9,747 and 9,053 kg on diet L, M and H, respectively. The milk price was calculated according to Arla Foods (2012) , with the addition of 0.144 Euro (€)/kg milk in the organic production system.
Description of the production districts
The profitability of milk production on the three different diets was calculated for three Swedish districts with different natural conditions for agriculture: a plains district in the south (SP), a district dominated by forest, fragmented by larger or smaller agricultural areas with farms, in the south-east (SF) and a similar forest-dominated district in the north (NF), where farms are mainly situated along river valleys and along the coast. The yield of leys (gross yield minus losses), farm layout and opportunity costs of land, as well as environmental payments for leys and support for less favoured areas (Swedish Board of Agriculture 2012b), in the different districts are described below. The economic support is high in the forest-dominated districts due to fewer opportunities for agriculture and to public interest in maintaining an open varied agricultural landscape in the whole country. The estimations of yields were based on experimental data and field trials (Spörndly and Kumm 2010) . Farm layout on typical farms within the three districts was based on information from the Swedish Board of Agriculture (2007), and opportunity costs of arable land used in the calculations were based on regional enterprise budgets from the Swedish University of Agricultural Sciences (Agriwise 2012) . The economic support and opportunity costs relate to 2011-2012 levels. All revenues and costs were translated to € from Swedish kronor (SEK) using an exchange rate of 1 SEK=0.11 € (rate on 20/09/2012).
Districts:
1. Agriculture in district SP is characterised by highyielding ley crops (net 8,000 kg DM silage and 4,800 kg DM grazed pasture/ha, after field, storage and effluent losses and refusals on pasture in conventional production). The fields tend to be rectangular of average size 13 ha at an average distance of 2 km from the farmhouse (Swedish Board of Agriculture 2007). District SP has high opportunity costs for arable land (308 €/ha), low environmental payments for leys (55 €/ha) and no support for less favoured areas. 2. Agriculture in district SF is characterised by moderately high-yielding ley crops (net 7,200 kg DM silage and 4,200 kg DM grazed pasture/ha in conventional production). The fields tend to be irregularly shaped of average size 3 ha at an average distance of 5 km from the farmhouse (Swedish Board of Agriculture 2007). The district has low opportunity costs for arable land (88 €/ha), medium high environmental payments for leys and support for less favoured areas (165 €/ha in total). 3. Agriculture in district NF is characterised by lowyielding ley crops (net 6,400 kg DM silage and 3,600 kg DM grazed pasture/ha in conventional production). The fields tend to be irregularly shaped of average size 3 ha at an average distance of 5 km from the farmhouse (Swedish Board of Agriculture 2007). The district has no opportunity costs for arable land, high environmental payments for leys and support for less favoured areas (368.5 €/ha in total). There is also a national milk support payment of 0.022 €/kg milk in this district (Swedish Board of Agriculture 2012b).
The yield of leys in organic production is approximately 80 % of that in conventional production (Official Statistics of Sweden 2011). In the present calculations, the yield in organic production was assumed to be 80 % of the conventional yield stated above. Under organic production conditions, there are payments of 38.5 €/ha and year for ley and 176 €/cow and year in addition to the environmental payment in the descriptions above. The economic support, i.e. the environmental payment for leys and organic production, the support for less favoured areas and the national support in district NF are referred to as 'support' in the following text.
Districts SP and SF are located in climate zones corresponding to Central and Western Europe. These areas are characterised by warm winter temperatures and fully humid and warm summers. District NF is located in a similar climate zone to Central and Northern Finland and parts of Russia and is characterised by snowy winters and fully humid and cool summers (Kottek et al. 2006) . The calculations made for district SP should therefore also be relevant for plains districts of Central and Western Europe and those made for district SF should apply to forest-dominated districts in similar areas in Europe. The results for district NF should be relevant for northern Fennoscandia.
Costs of feed production
The costs of silage production consist of the cost of seed, fertiliser and manure in conventional production and spreading of manure in organic production, silage additives, machinery, fuel, labour, opportunity cost of land and various minor cost items. The costs are reduced if the district is eligible for environmental payment and support for less favoured areas. Here, the net costs were divided by the net crop yield to obtain the cost per kilogram of DM silage. The costs per kilogram of DM pasture were calculated in a similar manner, but with the costs associated with silage harvesting replaced by the cost of fencing, topping, water for the cows and alleys between pastures. The costs of machinery and fuel consumption and labour for feed production were calculated considering the differences in farm layout and crop yields between districts. Optimum equipment for each district was selected after consultation with an expert in the field (Neuman, LRF Consulting, personal communication 2010) and the time required in the various work operations with this equipment was calculated using the spreadsheet program DRIFT (Danmarks Jordbrugsforskning 2004) . Information on equipment costs and fuel consumption per hour for each machine was taken from Maskinkalkylgruppen (2011) . Machine costs include depreciation, interest and maintenance. All other data for calculating the costs of feed production were taken from Spörndly and Kumm (2010) and Agriwise (2012) , which represent the normal costs for rationally managed Swedish farms. However, the data from Agriwise on conventional grass leys were replaced with data on grass/clover leys in order to reflect the clover content of the silage used in the animal experiment. Thus, nitrogen fertilisation was reduced in the present calculations.
The prices used for purchased concentrate feeds were the average prices in 2012 of two commercial feeds, one conventional and one organic (Solid 120 and Sund Viol; Lantmännen Lantbruk, Malmö, Sweden), 0.29 € and 0.50 €/kg feed, respectively. These prices were used in the calculations for district SF. In district SP there are good opportunities to cultivate grain on-farm. Therefore, the cost of concentrates was reduced by 0.022 €/kg in this district. In district NF, the price was increased by 0.022 €/kg because of high costs of transportation from the areas where grain is cultivated.
Costs of housing and milking
The calculations for housing assumed new buildings according to Agriwise (2012) and one automatic milking system per 80 cows. The cost of the bunker silo for silage was included in the construction costs.
Calculations of profitability
The profitability was expressed as income minus expenses per cow and year and was calculated using the parameters presented in Table 1 . The MIOFC value was calculated as total income from milk minus total cost of feeds expressed per kilogram of milk, which is a well-known key indicator in dairy production (Swedish Dairy Association 2012b).
Results
In conventional production, diet M proved to be the most profitable choice, while diet L showed the lowest profitability in all three districts and for both herd sizes, with or without support ( Figs. 1 and 2 ). Maximum profitability with support in the conventional production system occurred in district NF and without support in district SP. In organic production, the differences in profitability between diet M and H were small, although without support diet M performed slightly better than diet H in all districts and for both herd sizes (Figs. 1 and 2 ). Full cost coverage in organic production without support was only achieved with a herd size of 160 cows in district SP. With support, maximum profitability was found in district NF on 160 cows. Full cost coverage on the smaller herd size of 80 cows was only reached in organic production with support in district NF. The results achieved in district NF were mainly due to the high environmental payment for ley, the support for less favoured areas and the national support for milk. With support, a herd size of 160 cows in organic production reached full cost coverage in all districts. Without the additional payment, the organic dairy production had decreased profitability because of the much higher price of concentrates and slightly higher cost of forage production, compared with conventionally produced feeds. However, profitability was still higher in organic than in conventional production.
In general, the results show that there were large benefits in economies of scale, with higher profitability using 160 cows compared with 80 cows in production.
The MIOFC without support for the different alternatives is shown in Fig. 3 and that with support in Fig. 4 . Using a high dietary proportion of grass silage had a profitable impact on the MIOFC in all districts and on both herd sizes, regardless of production system.
Discussion
The most striking result from the economic analyses was that it was only organic production that reached full cost coverage, i.e. income ≥ expenses. A herd size of 160 cows in organic production with support reached full cost coverage in all districts and showed high profitability in district NF. Full cost coverage in organic production without support was only achieved with 160 cows in district SP. The average Swedish organic dairy herd is larger than the average conventional herd (Sundberg et al. 2009 ) and 25 % of the organic herds, i.e. 160 dairy farms, have a herd size of >127 cows (Swedish Board of Agriculture 2012a). The benefits of larger herds are associated with fewer labour hours, lower building costs per cow and year and a higher milk price because of larger volumes of milk delivered. Wilson (2011) examined the variation in profitability between dairy farmers in the UK and concluded that higher milk yield in large herds was the key indicator and that the majority of the most profitable dairy farms were organic producers. In a Swedish study by Hansson (2007) , milk yield per cow and mastitis ratio were found to be key indicators of economic performance for dairy farms. In addition, Hansson (2008) found in a study on farm economic efficiency that the upper quartile of most efficient farms had the largest income from dairy production, whereas the second most efficient quartile comprised the smallest farms, both in size and in income from dairy. Diet M (62 % forage) was the most profitable alternative in all districts and in both organic and conventional production without support. This alternative was also shown to be most profitable when support were included, except for organic production in district NF, where diet H was the most profitable alternative. This result was probably due to the high price of concentrates in northern Sweden. Cultivation of feed grain in the north is challenging due to the short growing season. In contrast, the conditions for cultivation of leys are favourable in the north and the long, light days in combination with a relatively low temperature provide good opportunities for production of high-quality forages (Ericsson 2011). An important prerequisite for the results on milk yield was high nutritional quality of the grass silage when replacing concentrate with forage. The levels of milk production reported from the animal experiment would otherwise not be possible. In the animal experiment (Patel 2012) , the calculated feed efficiency was similar among the three diets. Feed efficiency is an important measure not only in terms of feed utilisation but also in terms of profits, as improvements in feed efficiency can improve profitability (Beever and Doyle 2007) .
Dairy farms with a herd size of 160 cows in districts with relatively low-yielding organic production of leys and pasture require large areas of agricultural land. In most forest-dominated areas, it is difficult to find such large areas within 5 km distance from the farmhouse, which was a precondition for the calculations in the present paper. The costs of transport of herbage for silage making and the return of manure to the fields would otherwise be more expensive and the profitability would be lower than presented in Figs. 1 and 2 . It may be particularly difficult to obtain sufficiently large areas for grazing near the house for herds with 160 cows in organic production in forest-dominated districts. For example, in district NF, 160 cows in organic production on the M diet required 60 ha of pasture. In the south of Sweden and in conventional dairy production, pasture yields are higher and thus the need for agricultural land is considerably lower. On some farms in forest-dominated districts, the amount of land available for pasture is so limited that only exercise pasture (as for cows on diet L) is possible in large herds, a strategy that is not permitted in organic production. However, as shown in Fig. 2 , diet L did not achieve full cost coverage even with support. The profitability can be improved if it is possible to increase the amount of available land for pasture and leys and thereby use diets similar to diet M. In forest-dominated areas, this may be possible by transforming forest to grassland after clear-cutting. When planning for new animal houses, it is also important to position the buildings so that intensive grazing management is possible. The current high prices of concentrates and grain had a great influence on the results of the present study. This, combined with small differences in milk income (<1 % less on diet M compared with diet L, and 7 % less on diet H compared with diet L), resulted in the lowest MIOFC when using ∼50 % forage in the diet in conventional production. This was particularly evident in the calculations without support in districts SF and NF, where conditions for grain cultivation are poorer than in district SP. In Sweden, approximately 10 % of the feeds for dairy cows are imported, and those are mainly protein feeds (Emanuelson et al. 2006) . It is possible to increase the cultivation of protein feeds in order to be less dependent on imported feeds (rapeseed meal/cake, but also feeds that are more associated with environmental degradation such as soybeans and palm kernel cake). The economic advantage of using grass silage-based diets was also reported by Marston et al. (2011) , who compared profitability in different total mixed rations in organic production (60 % forage) using either grass silage or maize silage. The feeding costs were lower and the MIOFC was higher in grass silage-based diets supplemented with ground maize and soybean than in maize silage-based diets. However, it should be stressed that the MIOFC is only one of several indicators of profitability and the overall costs must be considered in analyses of farm profitability. In newly built animal houses in Sweden, free stalls are required according to animal welfare regulations (Swedish Board of Agriculture 2010), and free stalls are mandatory for all organic dairy herds >45 cows (EC 2008; KRAV 2012) . It is often impossible to convert old farm buildings to free-stall houses, so expanded herd size implies large investments, regardless of production system. A thorough economic analysis is therefore necessary when planning for expansion, which makes the MIOFC an insufficient tool in that regard. However, the MIOFC can be useful as a short-term tool to decide when to purchase feeds or make changes in the ration. Consequently, the main results presented in this paper also reflect the high costs of animal housing, labour and fuels in Sweden, as well as the strong dependency of farmers on economic support.
Conclusions
Full cost coverage was only reached in organic production with the current system of economic support. Large herd size is required to achieve economically sustainable dairy production, regardless of production system. However, large herd size requires large pasture areas in organic production, which can be difficult to achieve in forest-dominated districts. With prices of concentrate and grains at the present high level, increasing the average dietary proportion of high-quality silage over the lactation from 51 % to 62 % of DM increased the profitability in conventional production. In organic production, increasing the amount of high-quality silage in the diet from the obligatory level of ∼60 % to 69 % of DM gave only minor differences in profitability.
